Helper T cells recognize a processed form of antigen bound to class II MHC glycoproteins present on the surface of APC. After ligand recognition and activation, helper T cells modulate the actions ofother cell types involved in immune responses, including cytotoxic T cells, B cells, and macrophages . Conditions that affect antigen/class II MHC complex formation therefore have wide ranging effects on immunity. Direct binding ofantigenic peptides to purified class II MHC has been demonstrated (1), and kinetic studies (2, 3) performed at neutral pH indicate that the rate ofcomplex formation is very slow. By contrast, the formation ofantigenic complexes appears to be rapid in live APC (4, 5) . We report here that the formation of functional antigen/class II complexes is accelerated at pH values approximating those found in the acidic intracellular compartments of metabolically active APC.
JENSEN BRIEF DEFINITIVE REPORT
Results and Discussion Acidic compartments are thought to be important in antigen processing because agents that raise the pH of these compartments, such as ammonium chloride and chloroquine, inhibit antigen processing (9) . To investigate the effect of pH on functional antigen/class Il complex formation, experiments were performed using small peptides, aldehyde-fixed APC, and T cell hybridomas specific for the relevant peptide antigens and class II molecules. The presence ofTCR ligand, alone, is sufficient to activate T cell hybridomas (3) , and the response, measured by lymphokine production, is proportional to the concentration of peptide/class Il complexes (10) . A marked increase in the rate and extent of functional complex formation was observed after incubation of fixed APC with peptide at pH 5 .0 as compared with pH 7 .3 ( Fig. 1 ). This effect was most evident at low peptide concentration, which gave no measurable response after incubation at pH 7.3 for 24 h. Similar results were obtained using three different peptide antigens from ovalbumin, OVA(323-339) ( Fig. 1 a) ; hen egg Fig . 1 b) ; and sperm whale myoglobin, Myo(106-118) (Fig.  1 c) and two distinct class II proteins, I-Ad and I-Ed , which are both expressed on the fixed B cells used in this study. HEL(104-120) is recognized in association with I-Ed (6) while the others have no affinity for I-Ed and are recognized in association with I-Ad (11) . We were not able to determine whether maximal binding was increased at pH 5.0 versus pH 7.3 because equilibrium was not achieved at pH 7 .3 in our experiments.
The pH dependence of complex formation was unchanged even after overnight pretreatment of the fixed cells at pH 5.0 in the absence of peptide antigen (Fig. 1  d) . This result indicates that pH directly affects the interaction of peptide with the APC membrane, rather than having an indirect effect on peptide binding sites or adhesion molecules. The augmented binding observed is not a result of an increase in available peptide binding sites after dissociation of endogenous peptide from class II MHC exposed to pH 5.0 . To a variable extent, we have observed some increase in T cell activation using fixed B cells or MHC-bearing plasma membrane fragments that had been pretreated in acidic buffer ( Fig . 1 
d and unpublished results) .
The mechanism responsible for this is unclear. No T cell activation is observed with pH 5-treated APC without appropriate antigens (data not shown) .
Bell-shaped profiles with optima at pH 4.5-5 .0 were observed in experiments using the peptide antigens described above (Fig 2) . We considered the possibility that nonspecific electrostatic interactions between peptide and the negatively charged plasma membrane are responsible for the observed phenomenon. Peptides containing histidine (pK'R -6) are likely to have a change in net charge between pH 7 .3 and pH 5.0. Ova(323-339) and Myo(106-118) each contain two histidine residues (see Materials and Methods). However, a marked pH dependence of binding is also observed using HEL(104-120) (Fig. 2 b) , which contains no histidine. HEL(104-120) does contain an aspartic acid residue (pK'R N4), which may contribute towards titration of net charge in the relevant pH range. However, esterification of the carboxyl groups of HEL(104-120) did not alter the pH optimum (Fig. 2 d) . It is therefore less likely that nonspecific electrostatic interactions account for the pH dependence of functional peptide binding, although this possibility cannot be excluded. The pH dependence of functional complex formation does not require changes introduced in membrane components during fixation with paraformaldehyde. Similar result are obtained with plasma membrane fragments isolated from unfixed B cells (Fig. 3 a) . Plasma membranes pulsed with peptide at pH 5 .0 have increased capacity to activate T cells as compared with those pulsed at pH 7 .3. Additionally, membrane components unique to B cells are not required, since the effect is also observed using L cell fibroblast transfectants expressing I-Ad (Fig. 3 b) . Current efforts are directed towards evaluating the potential requirement for non-class II membrane components using supported artificial membranes and affinity purified class II glycoproteins.
Our results differ from those of Buus et al. (2) who observed a decreased rate of association and an increased rate of dissociation at acidic pH using labeled OVA (323-339) and purified I-Ad in detergent. This difference may result from alterations in class II conformation induced by purification and detergent solubilization . FIGURE 3. pH-dependence using B cell membranes or L cells. (a) M12.4 plasma membrane aliquots were incubated at 37°C for 18 h with various concentrations of a trypsin digest of reduced and carboxymethylated ovalbumin that contains OVA(323-339) at pH 7.3 (E3) or pH 5.0 ("). After washing, treated membranes were cultured (50 ug total protein/ml) with DO-11 .10 (1 x 10 5 cells/well). Partially purified plasma membranes were prepared from M12 .4 cells after disruption by nitrogen cavitation as described (6) . The amount of lymphokine secreted into cultures was assayed by [3Hlthymidine uptake of the IL-2-dependent cell line HT-2 . Each point represents the mean of triplicate cultures . Increased antigen binding to B cell membranes at pH 5 versus pH 7 was observed in 12 independent experiments using peptides derived from lysozyme or ovalbumin. pH-dependent binding was also observed with membranes that had been extensively pretreated at pH 5 in the absence of peptide. (b) RT 2.3 .3H-D6 L cell transfectants (16), which express I-A d, were fixed with 1% paraformaldehyde and incubated (2 x 10 6/ml) at 24°C in pH 7.3 ([]) or pH 5.0 (") citrate/phosphate buffer with 3 uM OVA(323-339) . After washing, treated L cells (1 x 10 5 cells/well) were cultured with DO-11.10 (1 x 105 ce)ls/well) and lymphokine production was measured .
Functionally relevant conformational changes have been documented by Fraser (12) , who observed a marked decrease in the affinity of class II toward staphylococcal enterotoxin A after detergent solubilization. It is possible that pH regulates structural transitions in the class II molecule that affect the binding kinetics of peptide antigens . This conformational transition could be entirely intramolecular or may involve interaction with other molecules present in the plasma membrane environment.
Alternatively, a pH-dependent interaction between peptide and other membrane components may facilitate specific binding to class II by increasing the effective local concentration of peptide. Membrane proteins, other than MHC, that bind peptide antigen have been described (13, 14) . It is possible that pH-dependent interactions involving such proteins may account for the observed phenomenon .
Whatever the mechanism, the effect of pH on functional association of peptide and MHC is likely to be of physiological importance. The reported rate of antigen/MHC complex formation is relatively slow in experimental systems involving metabolically inert membranes or purified class II as compared with those using live B cells (5) . The available evidence indicates that the time period required for antigen processing is limited by the time required for intracellular trafficking rather than peptide/MHC binding and is independent ofantigen concentration (4). These general observations may be accounted for by the ability ofmetabolically active APC to bring antigen and class II together into intracellular compartments with pH between 5 and 6 (15) where peptide/MHC interaction is facilitated. We suggest that this mechanism serves as an important regulator of immunity by sequestering antigen/MHC association and the induction of immunity to selected intracellular compartments in APC.
Summary
The effect of pH on functional association of peptide antigens with APC membranes was investigated by using aldehyde-fixed B cells and class II-restricted T cell hybridomas to assess antigen/MHC complex formation. The results indicated that the rate and extent of functional peptide binding was markedly increased at pH 5.0 as compared with pH 7.3. The pH dependence ofbinding was preserved after pretreatment of fixed APC with pH 5 .0 buffer, suggesting that pH had a direct effect on the interaction of peptide with the APC membrane . Similar results were obtained by using several peptides and I-Ad-and I-Ed-restricted T cells, indicating that pH may be of general importance in regulating the formation of functional antigen/class If MHC complexes.
